Preeclampsia is the cause of increased morbidity in mothers, and mortality and morbidity of both mothers and fetuses and newborns. The pathological process is already complete when the symptoms occur, and nothing concrete can be done to stop the process. Early identification of women at risk of developing preeclampsia is a key goal of antenatal care. Alongside chemical tests, Doppler sonography of the uterine arteries plays a major role in the prediction of preeclampsia. Aims: To establish the probability of resistance to blood flow in the uterine arteries and the existence of notching in the control and test groups. Materials and methods: The study comprised 60 subjects in the second trimester of pregnancy who were going for check-ups during their pregnancy or had been hospitalized at the Maternity Clinic of Sarajevo UCC. All the subjects were divided into two groups, a control and a test group, in relation to the presence of pathological blood flow in the uterine arteries. As well as ultrasound results, the patients also provided an exhaustive history about their previous pregnancies, if any, and any relevant laboratory results. Results: A statistically significant difference was found in the average values of systolic and diastolic pressure during pregnancy between the control and the test group (p = 0.001). From an analysis of the resistance to blood flow in the uterine arteries in the control and test groups, we concluded that the flow on the side with the placenta and on the side without the placenta were physiological over five measurements in the control group of subjects. In the test group the largest number of cases of pathological flow were recorded, and there was also notching. Of the 21 subjects with a diagnosis of preeclampsia, there was notching in 10. Conclusion: Doppler sonography in the second trimester of pregnancy is a good prognostic marker for early discovery of preeclampsia.
IntroductIon
Preeclampsia is defined as hypertension after the 20th week of gestation, with one or more of the following symptoms: proteinuria, organ dysfunction (including kidney, liver, hematological or neurological complications), and the presence of fetal growth restriction. It is the cause of increased morbidity in mothers, and mortality and morbidity of both mothers and fetuses, and newborns. 1 Preeclampsia occurs in about 7-10% of pregnancies. The etiology of preeclampsia has still not been completely explained. One of the theories accepted today is that physiological changes to the spiral arteries in the uterus fail to take place in pregnant women with preeclampsia. Anatomically speaking, one uterine artery branches into eight arcuate arteries, which branch into eight radial arteries. Two hundred spiral arteries branch out from the radial arteries. Spiral arteries adapt to pregnancy in physiological conditions, and this adaptation develops during the first and second trimesters. 1 The process of creating normal uteroplacental circulation begins with the process of implantation, when the trophoblast invades the endometrium with the terminal capillary branches of the spiral arteries. There are two separate waves of migration of endovascular trophoblasts into the spiral arteries. The first wave begins during the 2nd month of pregnancy and lasts about 10 weeks. In the first wave of invasion, there are changes to the spiral arteries up to the border between the basal layer of the decidua and the myometrium. The second wave begins between the 14th week and 16th week of pregnancy and lasts for 4-6 weeks. This wave involves the myometrial segment of the spiral arteries, right up to the distal segments of the radial arteries. 2 On the basis of this knowledge, Doppler measurements of the uterine blood flow may be used as a screening test and increased risk of the development of gestosis and uteroplacental insufficiency may be predicted. 2 The ultrasound analysis of the blood flow shows reduced resistance of blood flow in the spiral arteries, related to the destruction of the muscle layer of those blood vessels, caused by the invasion of the trophoblasts. 3 If this process is restricted due to the failure of the trophoblast invasion, the uteroplacental circulation remains in a state of high resistance and low flow. On color Doppler, this is reflected in a constant increase in resistance and the appearance of the ultrasound sign of notching. In Doppler sonography notching is defined as a reduction in the speed of blood flow after the systole, below the value of the minimum speed of blood flow at the end of the diastole. The basic problem of this method is that notching is often very difficult to see. The explanation of the phenomenon of notching is also based on the theory of increased resistance in the uterine arteries, where resistance occurs as a result of the incomplete physiological changes in the spiral arteries, which retain their muscle layer, which has the possibility of contraction, and this is directly reflected in the values of blood flow immediately after the systole. Notching cannot be seen in the spiral arteries but is noticed in the uterine arteries in the early diastolic phase of the coronary cycle as the result of the cumulative effect of increased resistance in all or the larger spiral arteries. 4 The usefulness of color Doppler of the uterine arteries for screening for markers gradually increases in the second trimester. 4 The reduction in blood flow in the uteroplacental circulation leads to disturbances in other levels of the fetoplacental and fetal circulation. These processes may also be observed, confirmed, and quantified in a noninvasive way using color Doppler ultrasonography. 5 So far many diagnostic tests have been described that are able to predict potential groups of pregnant women at risk for developing preeclampsia, with varying sensitivity and precision. 6, 7 The great potential of ultrasonography and the advances in Doppler techniques give Doppler sonography a special place in the diagnostics of preeclampsia in the second trimester of pregnancy and analysis of the blood vessels responsible for the occurrence of this pathological condition, and in this way the outcome of pregnancy is improved, with the adoption of timely prophylactic measures. 8, 9 The aim of this research was to determine values of pathological blood flow in the uterine arteries in the second trimester of pregnancy.
MAterIAls A n d Methods
This clinical, retrospective-prospective study was conducted on 60 subjects in the second trimester of pregnancy who were having check-ups during their pregnancy or had been hospitalized at the Maternity Clinic of Sarajevo UCC. All the subjects were divided into two equal groups: the control group (30 subjects) and the test group (30 subjects). The inclusion criteria for the control group were the following: second trimester of pregnancy (after the 20th week of gestation) and physiological results of Doppler sonography of the uterine arteries: physiological values on the side with the placenta (RI = 0.39-0.52) and physiological values on the side without the placenta (RI = 0.37-0.61). The inclusion criteria for the control group were the following: second trimester of pregnancy (after the 20th week of gestation) and pathological results of Doppler sonography of the uterine arteries: pathological values on the side of the placenta (RI ≥ 0.53) and physiological values on the side without the placenta (RI ≥ 0.62), and verification of the sign of notching. Exclusion criteria for the research were history of hypertension before the 20th week of gestation and information about essential hypertension, chronic cardiovascular and kidney diseases, diagnosis of diabetes mellitus, abortions or premature births, pregnancy with diagnosed epilepsy, or experience of epileptic attacks during the research. At the beginning of the research, on the basis of the results of Doppler sonography of the uterine arteries, the subjects were included in the research and allocated to one of the two comparative groups that were analyzed during this study. As well as ultrasound results, the patients also gave an exhaustive history about their previous pregnancies, if any, their body mass index (BMI) was analyzed, along with their blood pressure, and they provided any relevant laboratory results. All ultrasound examinations and measurements were conducted using a GE VOLUSON 730 ultrasound machine. Gestational age was verified by confirming the last menstruation date and by first ultrasound examination. During the first examination, an anomaly scan was performed for each pregnant woman as a standard procedure. The most often cause of hospitalization was clinical signs of preeclampsia.
The study was conducted on the basis of the fundamental principles of the Helsinki Declaration (latest revision, October 2013) on the rights of patients included in biomedical research. During the study, the identity and all personal details of the patients were permanently protected, according to the instructions on protection of patients' identity. In order to protect patients' data, each patient individually signed consent to participation in the research and received an identification number that served for statistical processing of data.
The database was created in the Microsoft Office Excel 2013 program, and the data were entered into it from the paper documentation. After verification of the integrity of the data, statistical analysis was performed using the IBM SPSS Statistics v. 20.0 for Windows program. Testing the normality of distribution of continuous numerical variables was performed by studying the histograms and quantile diagrams, and formal testing using the Kolmogorov-Smirnov test. Analysis of category variables was undertaken using the Pearson's χ 2 test or the Fisher's exact test of probability. If the distribution of continuous variables was symmetrical, the arithmetic mean and standard deviation were used to show the mean values and measures of dispersion, and for comparison of those variables parametric tests were used (Student's t test). The influence of the analyzed variables is shown through linear regression analysis, and the sensitivity and specificity of each variable is presented as a predictor of disease. The threshold of statistical significance was set at the conventional level of α = 0.05.
results
The study included 60 pregnant women, who were divided into two groups: control (n = 30) and test (n = 30). There was no statistically significant difference in the age of pregnant women in the control and test groups (p = 0.449). There was no significant difference in the parity of pregnant women in the control and study groups (χ 2 = 0.287; p = 0.395). In the control group, there were 18 (47.5%) primiparas and 12 (54.5%) multiparas, while in the test group there were 20 (52.6%) primiparas and 10 (45.5%) multiparas. Table 1 shows the flow on the side with the placenta in five measurements in each group. In the control group, it was found that the flows were physiological throughout the research (first measurement 0.46 ± 0.04; second measurement 0.44 ± 0.04; third measurement 0.41 ± 0.04; fourth measurement 0.38 ± 0.03; fifth measurement 0.37 ± 0.03). In the test group in the largest number pathological processes were recorded, followed by physiological processes, and there was also notching present. During all the measurements notching was found in two subjects on the side with the placenta. Twenty-one subjects had pathological flow during the first measurement, and 19 subjects during the remaining measurements. Table 2 shows the flow on the side without the placenta in five measurements in each group. In the control group, it was found that the flows were physiological throughout the entire research (first measurement 0.53 ± 0.06; second measurement 0.51 ± 0.06; third measurement 0.46 ± 0.06; fourth measurement 0.43 ± 0.05; fifth measurement 0.41 ± 0.04). In the test group in the largest number pathological processes were recorded, then physiological processes, and there was also notching present. Eighteen subjects had pathological flow on the first measurement, 17 on the second and fourth measurements, and 16 on the third measurement. At the end of the research, 12 subjects had pathological flow. Notching was present in seven subjects during the first measurement, and five subjects had notching during the second and third measurements, two during the fourth measurement, and six subjects had notching at the end of the research.
Of the total number of subjects in the test group who did not have preeclampsia (n = 9), during the analysis of blood flow, no notching was recorded in eight, and notching was found in only one ( Fig. 1 ). Of the 21 subjects with the diagnosis of preeclampsia, no notching was found in 11, but in 10 notching was present, and, using the Chi-square test, a statistically significant difference was established in the frequency of notching in relation to pregnancy with or without preeclampsia (χ 2 = 3.875; p = 0.045) ( Table 3) .
By a detailed statistical analysis of the presence of notching in subjects in the test group with diagnosed preeclampsia, it was found that the sensitivity of notching was 47.62% and specificity 88.89% (Fig. 2) . The prevalence of the disease in subjects with notching in their blood flow was 70%. The positive predictive value of notching as a marker for diagnosis of preeclampsia in the second trimester is 90.91%, and the negative predictive value is 42.11% ( Table 4 ). The mean BMI of the control subjects at the beginning of the study was 24.05 ± 3.45 kg/m 2 , and in test group 26.68 ± 3.96 kg/m 2 . At the end of the study, the mean BMI of the control subjects was 27.44 ± 3.84 kg/m 2 , and in test group 27.44 ± 4.02 kg/m 2 . By the ANOVA test, a statistically significant difference in BMI values was found between the control and the test group at the beginning of the study (F = 7.539; p = 0.008) and at the end of the study (F = 20.888; p = 0.001). The control group subjects had normal BMI values at the beginning of the study and high BMI at the end of the study. The subjects of the test group were overweight at the beginning, and at the end of the study, BMI values were classified as obese pregnant women. There was statistically significant difference in the average values of systolic pressure during pregnancy compared to the study groups (F = 64.561; p = 0.001). The control group subjects had an average systolic pressure value of 111.32 ± 8.28 mm Hg, and the test group subjects had a statistically significantly higher value of 131.90 ± 11.32 mm Hg. There was a statistically significant difference in the average values of diastolic pressure during pregnancy between two groups (F = 64,685; p = 0.001). The control group subjects had an average diastolic pressure value of 71.73 ± 4.37 mm Hg, and the test group subjects had a statistically significantly higher value of 84.03 ± 7.14 mm Hg. Analyzing the risk factors for preeclampsia in the study group, it was found that the prevalence of smoking as a risk factor was present in 23.3% in the test group. Preeclampsia in a previous pregnancy was diagnosed in one patient in the test group. Some of the subjects in the test group were treated by antihypertensive therapy and average blood pressure values were lower than expected due to the effect of the therapy used by pregnant women. By linear regression it was shown that systolic and diastolic pressure are dependent parameters that are indicators of the presence of preeclampsia, while notching was isolated as an independent parameter of the presence of preeclampsia (B = 0.348; t = 2.221; p = 0.037) ( Table 5) .
Of the total number of subjects in the test group, six pregnant women had pathological flow both on the side with the placenta and the side without the placenta, and five of them developed preeclampsia. In 17 subjects pathological flow was established on only one side, and in 10 preeclampsia had developed. The combination of pathological flow on one side and notching on the other was found in six subjects, and in five preeclampsia had developed. One patient had bilateral notching and developed preeclampsia.
In the test group, there were three pregnant women with twin pregnancy and two of them developed preeclampsia. In the control group, there were two pregnant women with twin pregnancy and finally without preeclampsia (Fig. 3 ).
dIscussIon
Hypertension in pregnancy is responsible for more than 60,000 maternal deaths around the world each year, and is a complication of 5% of all pregnancies. Pregnancy complicated by preeclampsia leads to increased maternal and perinatal morbidity and mortality. 10 Preeclampsia is a complex illness that occurs in the second half of pregnancy, and it is estimated that it affects almost 4% of pregnancies in the United States. Almost 9% of maternal deaths in the United States are directly ascribed to preeclampsia and eclampsia, and it is the leading cause of premature birth and low birth weight in newborns. Early discovery, using general or high-risk screening methods, may reduce the consequences for health, especially in infants. 11 Rough figures on the incidence of preeclampsia between 2002 and 2010 in the regions of the eastern Mediterranean (EMRO) and the western Pacific (WPRO) (WHO regions) were 1.2-4.2%. 12 As was already pointed out in the introduction to this paper, the basic pathomorphological changes to the placenta during preeclampsia occur because of the inadequate migration of trophoblasts and the lack of physiological transformation of the spiral arteries. In contrast to a normal placenta, in preeclampsia the muscular, elastic layer of the spiral arteries remains intact, and as a result their lumen remains narrow throughout the pregnancy, and the walls are sensitive to vasoconstrictive substances. 13 The spiral arteries are 60% narrower in a pregnant woman with preeclampsia, and the blood flow slows down due to the increased number of curves. 14 The first report of screening for preeclampsia using color Doppler in the second trimester was published by Steel et al. 14 in 1990, on a sample of 1,014 pregnant women at an average gestation of 18 weeks. Of the total number, pathological flow was found in 118 women, where 13% of the pregnant women developed preeclampsia. Although Doppler had been used experimentally in predicting intrauterine growth restriction since the mid-1980s, this was the first study to assess the use of Doppler in predicting preeclampsia. Then in 1994, North et al. 15 identified 27% of subjects in their research who had developed preeclampsia, on the basis of pathological flow values above the 90 percentile, and 83% of them had intrauterine growth restriction and preeclampsia. In 2000, Albaiges et al. 16 conducted research including subjects in the 23rd week of pregnancy in order to analyze color Doppler of the uterine arteries and the presence of notching as a predictive test for preeclampsia. In their results, they report a rate of detection of 90% of patients who developed preeclampsia and 70% of children with intrauterine development. Moreover, 83% fetal deaths and 50% placental disorders were also identified. Further, they explained that the groups with the highest risk were those with severe pathological flow and the presence of notching, who had 40% risk of developing preeclampsia and 45% risk of intrauterine growth restriction. The relative risk of fetal death or undesirable pregnancy outcome before the 34th week in this group was from 50 to 100. In 2008, Yu et al. 17 published the results of the largest screening study using Doppler of the uterine arteries in the second trimester of pregnancy in patients with low risk. In this research, 36% of the pregnant women had pathological values of blood flow in the uterine arteries, and 22% of them developed preeclampsia, with values of pathological flow higher than the 95th percentile. Although the incidence of preeclampsia was higher in nulliparous than in multiparous women (2.6% compared to 1.4%), Doppler of the uterine arteries was equally effective in screening for preeclampsia in both groups. In our research, by analysis of the flow on the side with the placenta over five measurements in each of the groups tested, we arrived at the following data: In the control group, it was found that the flows were physiological throughout the entire research (first measurement 0.46 ± 0.04; second measurement 0.44 ± 0.04; third measurement 0.41 ± 0.04; fourth measurement 0.38 ± 0.03; fifth measurement 0.37 ± 0.03). In the test group in the largest number pathological processes were recorded, then physiological results, and there was also notching present. In this research, of the total number of subjects in the test group, 19 subjects had pathological flow on the side with the placenta. Of the total number of subjects with pathological flow on the side with the placenta, in 13 preeclampsia developed, while in 6 preeclampsia did not develop. The average value of the pathological flow on the side with the placenta was 0.64 ± 0.04. The average value of the pathological flow in subjects in the test group who developed preeclampsia was 0.64 ± 0.04, and in subjects who did not develop preeclampsia, it was 0.61 ± 0.02. No statistically significant difference was found in the average values of the pathological flow on the side with the placenta between subjects who developed preeclampsia and those who did not (p = 0.137). In all the measurements, notching was found in two subjects on the side with the placenta. Twentyone subjects had pathological flow during the first measurement, and 19 subjects during the remaining measurements. In analysis of sensitivity and specificity, the study by Bower et al. 18 gave the best results. They had a positive predictive value of 68% for the development of preeclampsia, if notching was noticed during the analysis of blood flow in the uterine arteries. These results have not been confirmed by more recent studies. Conde-Agudelo et al. 19 undertook a prospective study and found average sensitivity for early discovery of preeclampsia of 58%, and specificity of 73%, but even these values did not completely satisfy the criteria for acceptance of the Doppler technique as the only and most reliable diagnostic method in the early discovery of preeclampsia.
A meta-analysis conducted in 2008 confirmed that it was better to perform color Doppler of the uterine arteries in the second trimester than in the first, and that it reaches its maximum usefulness in identification of serious early-onset preeclampsia. In women at low risk, higher resistance index (RI) in the uterine arteries in the second trimester had sensitivity of 78% and specificity of 95% for discovery of serious preeclampsia (a positive probability ratio of 15.6 and a negative one of 0.23). 20 Plasencia et al., 21 in their cohort study of 3,107 women at high and low risk for development of preeclampsia, analyzed color Doppler of the uterine arteries in two time periods. The first was between 11 and 13 + 6 weeks of pregnancy and the second between 21 weeks and 24 weeks of pregnancy. Abnormal flow in the uterine arteries was detected in 94% of patients who developed early preeclampsia, and in 74% of those who developed late preeclampsia. A total of 37% of pregnant women who had abnormal values on Doppler sonography in the first and second trimesters did not develop preeclampsia. The combination of Doppler and the mother's positive history increased the rate of detection of early preeclampsia to 90.9% and 100%, with a false-positive rate of 5 and 10%, respectively. Prajapati et al. 22 also asserted that Doppler of the uterine arteries in the second trimester of pregnancy is a useful method for identification of preeclampsia. In their research, in which 200 pregnant women took part (at 22 − 24 + 6 weeks of pregnancy), they found that pathological flow was found statistically significantly more in patients with preeclampsia, which correlates with the results of our research. The mean value of pathological flow was significantly higher in subjects with a negative pregnancy outcome than the mean value in subjects who had a normal pregnancy outcome, with p < 0.000. The results are also in correlation with those of Jamal et al. 23 In the research be Pongrojpaw et al., 24 Doppler screening of the uterine arteries was conducted as part of regular examinations during the middle trimester, between 20 weeks and 24 weeks, in women at high risk, at the Maternal and Foetal Medicine Unit of the University Hospital of Thammasat, in the period from 2008 to 2009. A total of 330 women took part in the research. Of the total number, 27 (8.18%) developed preeclampsia, and 16 (4.84%) had babies with low birth weight. The sensitivity of pathological flow in the uterine arteries and the presence of notching as a test for preeclampsia was 59.25%, and specificity was 66.67%.
conclusIon
Using Doppler sonography, especially in the period when physiological changes to the spiral arteries take place, is a relatively quick, pain-free and cheap way to determine resistance to blood flow in the uterine arteries, and to raise suspicion of preeclampsia already in the second trimester. In line with our results, women with pathological blood flow values in their uterine arteries may be categorized in the group of pregnant women with risky pregnancies, and therefore supervision should be increased of these women and their babies to prevent later manifestations and complications from hypertensive disease.
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